走査トンネル顕微鏡を用いたCobalt tetrakis(1,2,5-thiadiazole)porphyrazine (CoTTDPz) and 1,3,5-trithia-2,4,6-triazapentalenyl (TTTA) ラジカル分子の超分子形成とスピン挙動の研究 by Wang Yu
Scanning Tunneling Mirocoscopy (STM) study of
Supramolecule Formation and Spin Properties of
Radical Molecules of Cobalt
Tetrakis(1,2,5-thiadiazole)Porphyrazine
(CoTTDPz) and
1,3,5-Trithia-2,4,6-Triazapentalenyl (TTTA)
著者 Wang Yu
number 86
学位授与機関 Tohoku University
学位授与番号 理博第3242号
URL http://hdl.handle.net/10097/00126109
（別紙様式５）                                       
論 文 内 容 要 旨 
(NO．1) 
氏  名 Wang Yu 提出年 令和元年 
学位論文の 
題   目 
Scanning Tunneling Mirocoscopy (STM) Study of Supramolecule 
Formation and Spin Properties of Radical Molecules of Cobalt Tetrakis 
(1,2,5-thiadiazole)Porphyrazine (CoTTDPz) and 
1,3,5-Trithia-2,4,6-Triazapentalenyl (TTTA) 
 
走査トンネル顕微鏡を用いた Cobalt Tetrakis 
(1,2,5-thiadiazole)Porphyrazine (CoTTDPz) and 
1,3,5-Trithia-2,4,6-Triazapentalenyl (TTTA) 
 ラジカル分子の超分子形成とスピン挙動の研究 
 
 
 
論 文 目 次 
 
Introduction 
Experimental methods and theoretical background  
Fundamental of scanning tunneling microscopy (STM)  
STM setup and techniques  
Techniques  
Adsorbed configuration and spin properties of CoTTDPz in multilayer films on 
Au(111)  
Background  
Sample preparation  
Results and discussion  
Real space observation of coverage-driven super-structure of TTTA radical and 
adatom on Au(111)  
Background  
Sample preparation  
Results and discussion  
Summary and outlooks  
Reference  
Acknowledgements  
 
 
 
（別紙様式５）                                       
  Scanning Tunneling Mirocoscopy (STM) Study of Supramolecule Formation 
and Spin Properties of Radical Molecules of Cobalt Tetrakis 
(1,2,5-thiadiazole)Porphyrazine (CoTTDPz) and 
1,3,5-Trithia-2,4,6-Triazapentalenyl (TTTA) 
 
1. Introduction  
Organic molecules adsorbed on metal surfaces have been widely reported because of the 
potential application on electronic devices. Understanding growth behaviors and properties 
of organic thin film on metallic electrode is a fundamental step to realize this goal, which 
attracted much interest in recent decades. In this context, metallo-phthalocyanines (MPcs) 
and their derivatives are intensively studied. However, most of related works above are 
based on weak molecule-molecule interaction system dominated by weak forces between 
ligands. A series of Pc derivatives that could have a strong intermolecular interaction have 
been synthesized, called metallo-tetrakis(1,2,5-thiadiazole) porphyrazines (MTTDPz). 
A family of heterocyclic π-radicals family have been widely studied, as the dimers are 
disposed to thermally driven diamagnetic dimer to radical reversibly. In this field, TTTA 
has been intensively studied because of large thermal hysteresis loop between paramagnetic 
high temperature phase and diamagnetic low temperature phase.  
In this thesis, low temperature scanning tunneling microscope (LT-STM) studies of 
CoTTDPz and TTTA adsorbed on Au(111) are reported. Real space STM imaging and 
scanning tunneling spectroscopy (STS) are performed to characterize the bonding 
configuration and electronic properties of molecules. In addition, spin property of 
CoTTDPz is studied by detecting Kondo resonance feature near the Fermi level. This work 
is probably the first real space observation of TTTA adsorbed on surface. 
 
2. Methods   
STM is operated at 4.7K by using liquid helium, substrate preparation and molecule 
deposition are carried out in ultra-high vacuum (UHV) chamber with a base pressure up to 
10-8Pa. Au(111) substrate is prepared by 
repeated cycles of Ar+ sputtering and 
annealing in UHV chamber. Conventional 
tantalum molecule boat is used for thermal 
sublimation of CoTTDPz, whereas gas 
adsorption method by variable leak valve 
(VLV) is applied for TTTA because of its low 
sublimation point. The route shown in figure 1 is pumped to high  
vacuum and heated to avoid condensation of TTTA gas.                   Figure 1 
 
3. Results and discussion  
CoTTDPz on Au(111) is studied from sub-monolayer to multilayer. In first layer, lattice 
and STS features are influenced by Intermolecular force and enhanced molecule-substrate 
interaction, showing significant difference from MPc. Two phases of second layer are 
confirmed after subsequently deposit, labelled by Ⅱa and Ⅱb. They have different tilted 
configuration and Ⅱa shows interesting bias dependence in STM image. Kondo peak and 
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kondo-IETS mixture are observed at molecule adsorbed at perimeter of second layer, 
substrate-molecule interaction mediated by perimeter molecules is supposed to be the 
reason.   
Figure 2 (a) Topographic image of 
IIa  film, obtained with the 
unoccupied state (up) and occupied 
states image (down).    
(b) Lattice of IIb, two lobes are 
missing in this phase. Molecules are 
marked by crosses; red circles 
indicate the two higher lobes and 
white circle for lower ones. One unit 
cell is labelled in figure. (c), (d) 
Kondo features appeared in STS; 
Blue and green are obtained at 
molecule at the perimeter, red one is 
at the center of the molecule which is 
magnified in (d). 
 
Coverage of TTTA is controlled by 
adjusting exposing time and 
annealing. When coverage is around 1 monolayer, TTTA molecules form N-N σ-dimers and 
coordinate with Au adatoms from substrate, arranged in strip lattice. Two types of TTTA-Au 
condonation are confirmed and both of them are chiral structure, electrostatic bonding is also 
observed in lattice which only appeared between two identical strips. At low coverage, 
hierarchical structures made up by threefold units are dominating. Arrays and triangular 
superstructures made up of triangular-protrusion units are observed.  
  
 
Figure 3 (a) Strip lattice at about 1 monolayer, two types of chiral structure are confirmed 
named α and β, model of β is shown in figure. (b) Arrays made up of triangular-protrusions at 
low coverage. (c) Hierarchical structure made up of triangular-protrusions at low coverage. 
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論文審査の結果の要旨 
 
分子の磁性の研究は基礎科学のみならず、スピンの自由度を用いた情報処理などを目
指した高機能材料への応用面からも重要である。実際の応用においては金属電極との組み
合わせで用いられることが多く、分子と無機物質表面が形成する界面物性は、デバイスの
最終的な性能を決定してしまう。特に磁性分子の特性制御には配位子の調整が重要である
が、分子間の相互作用に置いては分子周辺の官能基が大きな役割を果たす。このような研
究においてフタロシアニン分子は中心金属の選択で種々の物性が実現することから最もよ
く調べられている分子の一つであるが、周辺の分子との相互作用の制御は緒についたばか
りである。  
本論文に置いては表面に吸着した磁性分子の構造と電子・スピン構造の関係を、走査
型トンネル顕微鏡（STM）を用いることで、原子分子レベルから明らかにしようとする
ものである。STM は原子レベルの空間分解能をもって分子の化学的な分析と、伝導特性
測定の両方が可能であり、この分野の基礎科学の学理探求には最も適した測定手法と考え
られる。  
報告は主に２つの分子に関する実験である。最初の分子として、フタロシアニン類似
の配位子である tetrakis (thiadiazole) porphyrazine (TTPz)の中央にコバルト原子(Co)を配し
た、Cobalt tetrakis (thiadiazole) porphyrazine (CoTTPz)を用いているが、この配位子はフタ
ロシアニンが周囲が C-H によって終端されているのに対して、活性の高い S で終端され
ている。この違いがもたらす分子―表面あるいは分子―分子の相互作用が磁気的な特性に
もたらす影響を調べるものである。試料は超高真空条件下、蒸着法により Au(111)基板上
に昇華法により CoTTPz 分子を吸着させて作成されている。分子周辺の S 原子の存在によ
って、よく調べられているコバルト・フタロシアニン分子を用いて得られる薄膜とは全く
異なる薄膜構造が観察され、それに伴う特異な電子状態を報告している。  
２つ目の分子は 1,3,5-trithia-2,4,6-triazapentalenyl であり、周辺に S および N 原
子が配置されており、CoTTPz 同様新奇な吸着構造が観察されている。  
これらの実験は、自立して研究活動を行うに必要な高度の研究能力と学識を有するこ
とを示している。Wang Yu の博士論文は、博士(理学)の学位論文として合格と認める。  
 
 
 
 
 
